Knowledge of the genetic structure and diversity of natural populations is important in developing strategies for in situ and ex situ conservation. We used eight microsatellite loci to estimate genetic structure and investigate within and between population genetic variation in eleven Brazilian wild rice (Oryza glumaepatula) populations. The study showed the following genetic diversity parameters: average number of 3.1 alleles per locus; 77.3% polymorphic loci; 0.091 observed heterozygosity and 0.393 gene diversity. F-statistics detected by microsatellite loci were: F ST = 0.491 (and R ST = 0.608), F IS = 0.780 and F IT = 0.888. No population was in Hardy-Weinberg equilibrium. The estimated apparent outcrossing rate (t a = 0.143) indicated a predominance of self-fertilization. The gene flow values were low (Nm = 0.259 and 0.161 for F ST and R ST , respectively). Populations were spatially structured but without a correlation between genetic and geographic distances. Five populations (PG-4, PG-2, PU-1, SO-4, NE-18) were identified as priorities for conservation strategies. Populations from the Amazon biome showed heterogeneity with respect to intrapopulation diversity (H e ). The high level of genetic differentiation between populations and the high number of private alleles suggested that sampling should be carried out on a large number of O. glumaepatula populations for ex situ conservation purposes.
Introduction
There are 23 species in the rice genus Oryza, one of which is the wild rice Oryza glumaepatula Steud. (Poaceae) which has an AA genome, of the same type as the cultivated Oryza sativa, and occurs widely in Latin America from 23°N in Cuba to 23°S in Brazil (Vaughan et al., 2003) . The Brazilian O. glumaepatula populations are found in the extensive river basins of the Amazon and Pantanal Matogrossense and the smaller river basins which occur in the states of Goiás and Tocantins (Oliveira, 1994; Brondani et al., 2005) .
Several studies have indicated that O. glumaepatula is a self-fertilizing species (Akimoto et al., 1998; Buso et al., 1998; Ge et al., 1999) . Such species are usually more homogeneous within populations but more differentiated between populations, forming pure lines within families and increasing the genetic differentiation between families by generating subdivision within the population. The fixation of specific alleles may confer little or no flexibility in response to environmental changes and, in extreme cases, these species may become completely extinct due to allele fixation and loss of genetic diversity (Richards, 1997; Hedrick, 2001) . In favorable environments such species may exhibit aggressive behavior typical of weeds and colonizing plants and rapidly become established (Holsinger, 2000) . These types of species need special attention from conservationists and the highest possible number of populations should be identified to increase the chance of conserving different alleles and thus preserve the diversity existing within the species with higher efficiency. To develop strategies for in situ and ex situ germplasm conservation and plan future plant collections it is, therefore, important to gather information on the genetic variation within and between natural populations and the reproductive biology of these populations.
Molecular markers have been used for germplasm characterization, phylogenetic and population genetic studies in O. glumaepatula and several other Oryza species (Akimoto et al., 1998; Buso et al., 1998; Ge et al., 1999; Doi et al., 2000; Bautista et al., 2001; Oliveira, 2002; Gao et al., 2002a Gao et al., , 2002b Gao, 2004; Brondani et al., 2005) . Buso et al. (1998) used isozyme and random amplified polymorphic DNA (RAPD) markers to estimate genetic parameters for four South American O. glumaepatula populations and found high values for interpopulation differentiation. Doi et al. (1996) analyzed accessions of AA genome Oryza species and concluded that O. glumaepatula is a subtype of Oryza rufipogon Griff. In a later study, Ge et al. (1999) used RAPD markers to investigate natural Chinese and Brazilian O. rufipogon populations and found that Chinese populations were more polymorphic at both the population and regional levels, thus concluding that the high degree of genetic differentiation between Chinese and Brazilian populations agrees with the classification of the Latin American form of O. rufipogon as the separate species O. glumaepatula. More recently, Buso et al. (2001) used RAPD and specific sequences of nuclear and cytoplasmatic DNA coupled with phenetic and cladistic analyses to produce phylogenetic trees verifying that O. glumaepatula was a separate species distinct from O. rufipogon. Doi et al. (2000) studied the variation in the mitochondrial, chloroplast and nuclear DNA of O. glumaepatula and suggested that this species had multiple origins, while Bautista et al. (2001) investigated the phylogenetic relationships between cultivated and wild rice species and concluded that O. glumaepatula was relatively close to the cultivated rice species O. sativa and Oryza glaberrima.
Microsatellites have been widely used in studies of population genetics of wild plants due to their reproducibility and the fact that they are more genetically informative than is the case for other markers (Ferreira and Grattapaglia, 1998) , especially in populations with low genetic diversity at the DNA level (Peatkau et al., 1995) . Brondani et al. (2005) used ten microsatellite markers to analyze 30 O. glumaepatula populations from the Brazilian Amazon, Cerrado and Pantanal biomes, assessing six to 24 plants per population, and found high genetic diversity between populations but high inbreeding levels within populations, suggesting a preferentially self-pollinating breeding system. We used eight microsatellite markers to estimate gene flow and genetic structure and analyze within and between population genetic variation in eleven Brazilian O. glumaepatula populations and to address specific strategies for the in situ and ex situ conservation of this species. This is a complementary study to previous studies of O. glumaepatula using microsatellite markers with a larger sample of populations from the Amazon biome plus one particular population from the Xingu river in the Brazilian state of Mato Grosso, performing spatial correlation analysis and sampling a higher number of plants per population.
Material and Methods

Plant material
We investigated eleven Brazilian Oryza glumaepatula Steud. (Poaceae) populations held at the wild rice germplasm collection of the Genetics Department of Escola Superior de Agricultura "Luiz de Queiroz" (ESALQ/USP), Piracicaba, SP, Brazil. Seven of the populations (JA-4, NE-18, NE-26, PU-1, SO-4, SO-6 and TA-1) were from the basins of rivers tributary to the Amazon in the northern Brazilian states of Roraima and Amazonas between 01°53 S and 03°49 S in the Amazon biome, one population (XI-1) was also from an Amazon tributary but from the more southern state of Mato Grosso at 12°14 S in the Amazon biome, and three populations (PG-1, PG-2 and PG-4) were from the Paraguay river basin even further south in the state of Mato Grosso do Sul at between 19°00 S and 19°15 S in the Pantanal biome (Table 1, Figure  1 ). The population codes refer to the river basins, not the rivers where the plants were isolated. Karasawa et al. 401 For each population, two to three seeds were sampled from individual plants collected in nature to form a bulk sample of 50 seeds which were germinated in germination chambers at 27°C in the dark. Germinated seeds were transplanted to pots containing fertilized soil and cultivated to the adult stage in a greenhouse under natural lighting conditions. The number of adult plants sampled from each population ranged from 18 to 36 (Table 1) .
Microsatellite analysis
Total genomic DNA was extracted from adult lyophilized leaves using a cetyltrimethylammonium bromide (CTAB) procedure (Hoisington et al., 1994) as simplified by Karasawa (2005) by removing the sodium acetate and all following steps. The DNA was quantified in a 4% (w/v) polyacrylamide gel using a silver staining procedure (Bassan et al., 1991) .
Eight primer pairs (Table 2 ) developed by Brondani et al. (2001) for O. glumaepatula were selected for amplification. All primers were first submitted to a basic PCR procedure with 56°C for primer annealing (Brondani et al., 2001) . Primers that did not amplify satisfactorily were submitted to new amplification cycles with higher and lower annealing temperatures. The primer pairs OG-26 and OG-29 amplified satisfactorily at 60°C, and OG-27 amplified at 54°C.
For each PCR reaction, 30 ng of genomic DNA were used in a 12 μL volume containing 0.3 μM of each primer, 0.25 mM of each dNTP, 1.5 mM of MgCl 2 , 10 mM TrisHCl, and 0.6 unit of Taq DNA polymerase enzyme (Gibco BRL). The reactions were performed on a Primus 96 Thermocycler with 4 min initial denaturation at 94°C, 30 subsequent cycles (1 min at 94°C, 1 min at 54°C, 56°C or 60°C, 1 min elongation at 72°C), followed by a final elongation of 5 min at 72°C. Amplified products were electrophoresed on 6% non-denaturing polyacrylamide gels run vertically (120 V for 3 h). Amplified fragments were visualized using a silver staining procedure (Bassan et al., 1991) (Figure 2 ).
Data analysis
Genotypic frequencies were submitted to Fisher's exact test considering Hardy-Weinberg equilibrium proportions (Weir, 1996) , using the TFPGA program (Miller, 1997) . Allelic and genotypic frequencies, mean number of alleles per locus (A), average percentage of polymorphic loci (P), mean observed heterozygosities (H o ), gene diversity (H e ), and Wrights F statistics were estimated using the GDA program (Lewis and Zaykin, 2000) . Private alleles were also identified under the GDA program (Lewis and Zaykin, 2000) .
The mutation process in microsatellite loci is not in line with the expectations under the infinite alleles model with low rates. Therefore, the analogue of the F ST parameter (Slatkin, 1995) developed specifically for microsatellite data (R ST ) was also estimated. Parameters R ST and gene flow (Nm) were estimated using the R ST Cal program (Goodman, 1997) . Dendrograms were constructed from Nei's genetic distances matrix and the unweighted pair group method with averages (UPGMA) clustering criteria using the TFPGA program (Miller, 1997) .
Spatial variation patterns were analyzed using Pearson's coefficient of correlation (r) between Nei's genetic distances matrix (Nei, 1978) and the matrix of geographic distances (shortest distance between two given points on the map) between populations, using the NTSYS-pc program (Rohlf, 1992) . Significance of these correlations was tested using Mantel's Z statistic (Mantel, 1967) and 1000
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Oryza glumaepatula genetic structure random permutations. The average apparent outcrossing rate was estimated from the relationship t a = (1 -F IS )/ (1 + F IS ), which is valid only if populations are in equilibrium with respect to the mating system. The parameter t a was also estimated for each population as
Results
The eight pairs of primers amplified a total of 80 alleles in 310 plants from the 11 populations of O. glumaepatula investigated (Table 2 ). All loci showed polymorphism over the populations. The number of alleles per locus varied from 5 to 20 with an average of 10 alleles obtained in the 11 populations, although there was considerable variation among populations (Table 3) . For example, while the River Japurá lake Cuiucuiú JA-4 population was monomorphic for the eight primers and the Carabinani River NE-26 population was also highly monomorphic with only one polymorphic locus (OG-36) having two alleles, in the River Purus PU-1 population we detected 11 alleles at the OG-22 locus. Considering all loci, 20% were monomorphic in the 11 populations investigated. Populations from the Amazon River basin showed the highest level of monomorphism (30%), while the Paraguay River basin showed only 4%. These results are not in agreement with the RAPD data obtained by Buso et al. (1998) where monomorphism was higher in plants from the Paraguay region (32%) and lower in those of the Amazon region (16%).
Lower observed heterozygosity values were found for the 11 populations when compared to gene diversity values (Table 4) , indicating an excess of homozygotes. Deviations from Hardy-Weinberg equilibrium were significant for all populations. The population from the Xingu River (XI-1) is clearly differentiated, with the highest level of observed heterozygosity (H o = 0.233), the lowest coefficient of inbreeding (f = 0.371) and the highest apparent outcrossing rate (t a = 0.459). In general, populations were not homogeneous in relation to gene diversity, with H e values ranging from 0.0 to 0.585, with the highest levels found in plants from the Paraguay River basin (PG-1, PG-4, PG-2), followed by populations SO-4 and NE-18 from the Solimões and Negro river basins, respectively, in the Amazon biome. Regarding the mating system, inferred here through Karasawa et al. 403 the average apparent outcrossing rate (t a = 0.143) and the population-level outcrossing rates (t a ), a strong tendency to self-fertilization with a small amount of outcrossing prevailed, with some degree of variation between populations.
The exception was population XI-1 that was intermediate, with 45.9% of outcrossing. The average apparent outcrossing rate is in agreement with the estimate obtained by Brondani et al. (2005) for O. glumaepatula, namely t a = 0.135. The low t a estimate found in our study is a consequence of the high intrapopulation coefficient of inbreeding detected (average f = 0.750, Table 4 ).
The genetic differentiation between populations, relative to the total genetic variation, was very high (F ST = 0.491 and R ST = 0.608), these estimates being statistically similar and different from zero (Table 5 ). Based on the R ST value, the apparent number of migrants per generation was Nm = 0.161, which was a function of the high differentiation between populations. The very high total inbreeding coefficient (F IT = 0.888) was primarily caused by the intrapopulation inbreeding (F IS = 0.780) but differentiation also played an important role in explaining this F IT estimate. 404 Oryza glumaepatula genetic structure Nei's genetic distances, calculated pairwise between populations, ranged from 0.078 to 0.760 (Table 6) . A higher degree of similarity was only found between populations PG-1 and PG-4 and between SO-4 and PU-1. These results, plus the UPGMA dendrogram (Figure 3) , indicate that populations from the same regions did not form clusters based on proximity, a conclusion supported by the low correlation between the genetic and geographic distances (r = 0.03). Figure 4 shows that private alleles were obtained in nine of the 11 populations reaching relatively large numbers, such as populations PU-1 with eight alleles, PG-2 with six and SO-6 with five alleles. These numbers are significant considering that the mean number of alleles ranged from 1.0 to 4.4 within populations (Table 4) .
Discussion
Genetic variation
High average genetic diversity indices where found for the Brazilian O. glumaepatula populations in this study using microsatellite markers (A= 3.091; P= 77.3%; H e = 0.393), in spite of the predominantly self-fertilization mating system of this species. However, the populations were not homogeneous with respect to observed heterozygosities (H o ), gene diversity (H e ), number of private alleles and apparent outcrossing rates (t a ). The large difference between the observed heterozygosity (H o = 0.091) and gene diversity (H e = 0.393) and the significance of the exact Fisher's tests for departure from HardyWeinberg proportions were caused by the prevailing mating system. These indices were superior to those reported by Buso et al. (1998) (H o = 0.00 to 0.025 and H e = 0.00 to 0.21) and Akimoto et al. (1998) (H o = 0.03 and H e = 0.044) with isozyme markers, probably due to the high degree of heterozygosity and higher allele number detected by the microsatellite markers in our study. However, Brondani et al. (2005) found lower values for these indices (H o = 0.027 Karasawa et al. 405 and H e = 0.113) with O. glumaepatula populations investigated using microsatellite markers (Table 7) . The difference between our results and those of Brondani et al. could be due to both the higher number of plants per population sampled in our study (an average of 27.4 in our study compared to 13.8 by Brondani et al.) and also to the greater number of Amazon biome populations sampled by us. It should be pointed out that Brondani et al. (2005) found lower H e values for populations from the Amazon biome, whilst in our study the contrary occurred in that several populations from the Amazon biome showed relatively high H e values and a great heterogeneity of diversity parameters was found for these populations. Our study also provided a higher number of alleles per locus, an average of 3.09 compared to the 1.43 average found by Brondani et al. (2005) . It is thus plausible to conjecture that samples larger than those used in this study could produce higher estimates for H o , H e and A.
In microsatellite marker studies of O. rufipogon (Table 7) similar results were obtained by Gao et al. (2002a) , who found 3.10 alleles per locus (H e = 0.345), and Zhou et al. (2003) who obtained 3.35 alleles per locus (H e = 0.413). Gao et al. (2000a Gao et al. ( , 2002b ) also found lower indices in O. rufipogon studied with allozyme markers. The similarities between O. glumaepatula and O. rufipogon in terms of genetic variability contrasts with the RAPD marker results obtained by Ge et al. (1999) , who reported higher genetic variability for O. rufipogon as compared to O. glumaepatula. The different results may be due to the fact that only four Amazonian O. rufipogon (O. glumaepatula) populations were evaluated by Ge et al. (1999) , contrasting with the 11 populations from the Amazon biome and the Paraguay river basin from the Pantanal biome assessed in this study and by Brondani et al. (2005) , the latter study also including populations from the Cerrado biome in the Brazilian state of Goiás. In the microsatellite studies, both O. glumaepatula and O. rufipogon presented higher levels of genetic diversity (Table 7 ) when compared to O. officinalis Gao (2005) , a wild species with a wide distribution in tropical and subtropical regions (Vaughan, 1994 ).
We found a high level of private alleles. Variation in the numbers of private alleles may have been due to the fact that the populations studied have undergone variable periods of genetic isolation during their evolutionary history.
Mating system
The apparent outcrossing rates estimated by us indicated different levels of cross-pollination among O. glumaepatula populations, varying from 2.2% to 45.9% with a mean value of 14.3%. This mean value indicated a predominantly self-fertilization mating system with a small amount of outcrossing. Similar average estimates (13.5%) were reported by Brondani et al. (2005) for O. glumaepatula populations.
It seems that the real distribution of outcrossing rates in O. glumaepatula is probably composed of values lower than formerly believed (Oka, 1988) , indicating that the reproductive system of this species should be classified as mixed with predominant selfing. Anther and stigma lengths of the wild rice O. glumaepatula are generally much larger than in the cultivated rice O. sativa, an autogamous crop. In O. glumaepatula both anthers and stigmas are completely protruded during anthesis and generally the flowers of the same panicle do not open at the same time (Oliveira GCX, 406 Oryza glumaepatula genetic structure (Oliveira GCX, unpublished observations) , although the role of these insects as pollinators has never been assessed. The mechanism by which a large amount of selfing occurs in spite of the presence of morphological and ecological elements encouraging allogamy is still unclear, but we feel that a plausible explanation is the dehiscence of the anther accompanied by stigma receptivity before anthesis.
Population genetic structure
Our estimates of F ST (0.491) and R ST (0.608) indicated that at least 50% of the molecular diversity of O. glumaepatula occurred between populations, results which are not surprising for a predominantly self-fertilizing species. These relatively high values have direct consequences on the planning of conservation strategies. Considering that a given effective population size (Ne*) is to be achieved with the sampling of S populations sufficiently large to represent a metapopulation, this number must be such that S ≥ 2 F ST Ne* (Vencovsky and Crossa, 2003) . This inequality assumes that the actual number of populations in nature is large. With F ST = 0.49 and a desired Ne* the result is S ≥ 0.98 Ne*. Hence, many populations would then be necessary if a high Ne* value is required.
Lower values for the F ST parameter for O. glumaepatula populations have been reported by Akimoto et al. (1998) (F ST = 0.346) and Buso et al. (1998) (F ST = 0.31) using allozyme markers (Table 7) . However, with RAPD analysis Buso et al. (1998) obtained a higher value (F ST = 0.64), similar to the R ST values. Also, Brondani et al. (2005) reported that population subdivision was responsible for the major increase in inbreeding for this species when using microsatellite markers, with values of (Gao et al., 2001) and O. granulata (Gao et al., 2000b) have also shown higher levels of population differentiation (Table 7) , although lower levels were detected for O. officinalis when assessed with microsatellite markers (Gao, 2005) , similar to the values observed in our study. Gao (2005) has suggested that the different results achieved when using allozyme and microsatellite markers in O. officinalis are due to differences in interpopulation distances.
When studying the genetic diversity among O. rufipogon populations from Brazil (O. glumaepatula) and China, Ge et al. (1999) reported that genetic diversity between populations differed between these continents. Molecular variance analysis (AMOVA) with RAPD data showed that the percentage of genetic diversity between populations was 52.74% for the Brazilian and 28.75% for the Chinese populations. Even lower variability between populations was found in O. rufipogon using microsatellite markers, when examining Chinese populations and subpopulations (Gao, 2004; Xu et al., 2006) . Higher diversity levels and higher within population variability found in Chinese O. rufipogon populations, in relation to South American O. glumaepatula populations, have been attributed to the higher outcrossing rates observed in Chinese populations (Ge et al., 1999) .
In our Brazilian O. glumaepatula populations the large genetic differentiation between populations was, as discussed above, a reflection of the predominantly self-fertilization mating system which reduced gene flow between populations. The mating system and the consequently high intrapopulation inbreeding (F IS = 0.78) was also the major factor responsible for the high total inbreeding (F IT = 0.888) detected in our study. Other reports on O. glumaepatula reproductive system have also been associated with high values of total inbreeding, such as Akimoto et al. (1998) In our study, low values were estimated for the number of migrants per generation (Nm = 0.259 and 0.161 for F ST and R ST , respectively). Gene flow estimated by the R ST parameter was lower and is probably a more precise measure since R ST provides less biased estimates of microsatellite demographic parameters for a population than F ST (Slatkin, 1995) . Nm values are related to the F ST or R ST parameters, according to the equation Nm = 1/4(1/Rst -1), whereas the R ST depends on the capacity of the marker to show polymorphism and the capacity of the sampled plants to represent the total variability existing in the population. When the within population diversity is low, the effect of the subdivision tends to be pronounced because the total diversity in the species is found between populations.
The low gene flow values obtained in our study are not in accordance with those found by Buso et al. (1998) who observed higher gene flow (Nm = 0.73) among four O. glumaepatula populations, probably because, as mentioned above, a low polymorphism marker (allozymes) was used in that study. Buso et al. (1998) classified gene flow as intermediate, according to the three levels of gene flow for highly autogamic species described by Govindajaru (1989) based on Nm estimations: high, Nm > 1; intermediate, 0.250 < Nm < 0.999; and low, Nm < 0.249). Gao (2004) also found limited gene flow among Chinese O. rufipogon populations (Nm = 0.766). Akimoto et al. (1998) have emphasized that gene flow in Amazonian O. glumaepatula populations seems to be due to seed dispersal rather than pollen dispersal, and that gene flow proceeds mainly in the direction of river flow. In fact, the viability of pollen grains in the genus Oryza is, in general, limited to a few minutes (Oka, 1988) , which makes gene flow between populations separated by a few hundred meters impossible. Even in regions with the highest densities, populations are separated by rivers, tributaries, lakes, channels and forests that are usually many hundreds of meters wide. Thus, pollen migration must play a minor role in gene flow. On the other hand, zoochory (see below) and dispersal of whole plants by programmed abscission followed by floating downstream must be the factors responsible for the Nm values observed.
In our study, all 11 O. glumaepatula populations formed random groupings in the cluster analysis and not according to their geographic origin. Hence, the hypothesis previously formulated that the more geographically distant populations would also be genetically more differentiated was discarded by the results of the correlation analysis, which showed no correlation between the genetic and geographic distances (r = 0.03). This result indicates that geographic proximity is not indicative of genetic similarity and, therefore, is not a guide for understanding the genetic structure of this species. On the other hand, comparable cluster analyses based on allozyme markers have placed O. glumaepatula populations from the Brazilian Pantanal Matogrossense and those originated in the Amazon region in different groups (Veasey EA, Cardin DC, Silva RM, Bressan EA, Vencovsky R, submitted). This result may be due to a selection effect that may appear in allozyme markers, resulting from the expression of adaptive genes (Ferreira and Grattapaglia, 1998) as it was evident that certain alleles were mostly predominant in the Amazon biome populations whereas other alleles of the same locus were predominant in the Pantanal biome populations. However, this was not observed with microsatellite markers because these markers are not adaptive and hence the genetic drift effect is random throughout evolutionary time (Pemberton et al., 2000) .
The geographic distribution of the genetic variation in O. glumaepatula is not expected to be simple to describe or explain from either an historical or adaptive point of view. The reason for this is the apparently intense migration between and within basins, following unpredictable timing and direction. No systematic study on migration and dispersal of Amazonian wild rice has ever been performed, in part because of its inherent difficulty, but a few reports from various sources partly reveal the complexity of the situation. The principal habitats of O. glumaepatula are the flooded grasslands and flooded forests on the Quaternary terrains found on the banks of the major rivers of the Amazonian Basin and Pantanal. These terrains are not homogeneously distributed along the rivers but instead are concentrated in patches, mainly on the left banks of the Middle Amazon, the confluence of the Japurá with the Solimões rivers, the confluence of the Purus with the Solimões, the headwaters of the River Xingu, the Bananal Island in the Araguaia, the Guaporé Basin, the central north coast of the Brazilian state of Amapá, the Paraguay basin and the plains around the River Negro. These are the regions where most of the O. glumaepatula populations occur, although sparse and less dense populations are spread among them.
The river banks and flooded plains which are the main habitat of members of the genus Oryza can be eroded and quickly become uncolonizable. Satellite image analyses have revealed that the fusiform islands typical of the Solimões/Amazon, which are rich in wild rice populations, normally shift along the river as a result of erosion-deposition. Such geographical mobility may be the cause of rapid cycles of population extinction and colonization, explaining part of the lack of significance of the correlation coefficient and the absence of clustering of geographically contiguous river basins. This also makes the delimitation of priority areas for in situ conservation more difficult. Also, the multiple agents and directions of the dispersal movements among the river basins in the Amazon (Morishima and Martins, 1994) permit the insertion of recently established, unrelated, long-distance immigrant populations, and may partially explain the loose geographical structure so far observed.
Conservation Remarks
This study reveals the existence of diversity both within and between river basins, as well as of alleles particular to each population. Studies like these can be useful in setting guidelines both for in situ conservation and for collecting and maintaining germplasm in banks, having in mind short-term conservation. For instance, the mean number of alleles enables the populations to be put in order of genetic richness, and to conclude, at least under the current state of knowledge, that populations PG-4 and PG-2, in the Paraguay River system, and PU-1, in the Amazon, are conservation priorities. High genetic diversity is also another criteria to be taken into consideration. Therefore, populations SO-4 and NE-18, from the Amazon, should also be considered as conservation priorities. In addition, both F ST and t a indicate that, in most cases, it is advisable to sample many populations. The high level of genetic differentiation found between populations and the high number of private alleles indicate the necessity of sampling a large number of populations for ex situ conservation. The same is true for in 408 Oryza glumaepatula genetic structure situ conservation, but long-term in situ conservation demands more studies over long periods on the dynamics of the populations. Allelic richness was found in our study even for populations isolated from cultivated materials, in contrast with conclusions drawn previously (Brondani et al., 2005) . Based on data obtained in this study and in Brondani et al. (2005) and Silva CM, Karasawa MMG, Veasey EA (unpublished data), we suggested that future studies should not only increase the number of populations collected, but also the number of plants sampled per population. This procedure will provide a better estimate of the real allelic diversity in the populations, as these estimates will have a direct effect on the values obtained for other diversity and population genetic structure estimates.
A further study suggested is the possible effects of the breeding system and genetic drift over generations in O. glumaepatula populations, which could be carried out using computer simulations. A preliminary study investigated the effect of the breeding system on the structure and genetic diversity within and between populations (XI-1, SO-6 and PG-1) for one generation. Results indicated high fixation indices within each family on each population but the total within population diversity was maintained after a generation (Karasawa MMG, Vencovsky, R., Zucchi, MI, Oliveira, GCX, Veasey, EA, unpublished data). Based on this preliminary study we suggest further studies to determine the real evolutionary effect of the reproductive system on the distribution of genetic diversity over many generations, to establishing the most effective conservation practices for O. glumaepatula species.
